Two slot-coupled feeding techniques f o r e x c i t i n g a patch antenna w i t h a coplanar waveguide (CPW) were experimentally investigated. I n t h e f i r s t technique, a CPW w i t h two notches on both sides o f the s l o t l i n e s i s used t o couple power t o the antenna through a narrow rectangular s l o t . I n the second technique, a grounded CPW w i t h a series gap i n the center s t r i p conductor i s used t o couple power t o the antenna through a 'dumbbell' s l o t . Results indicated t h a t both techniques are f e a s i b l e and y i e l d high coupling e f f ic i ency .
INTRODUCTION

Previous work on slot-coupled patch antennas concerns mainly w i t h feed s t r u c t u r e o f m i c r o s t r i p type. Only recently, slot-coupled feeding technique w i t h coplanar waveguide (CPW) feed has been demonstrated [l]. Compared t o d i r e c t probe feeding approach, s l o t -
coupled feeding requires no physical contact w i t h the antenna, has wider bandwidth, and allows independent optimization o f antennas and feed networks by using substrates o f d i f f e r e n t thickness and p e r m i t t i v i t y . Further, the use o f CPW as transmission media can reduce c i r c u i t r a d i a t i o n losses, and f a c i l i t a t e s monolithic microwave integrated c i r c u i t (MMIC) device integration. I n t h i s paper, we r e p o r t two feeding techniques where the patch antenna i s excited by coupling power electromagnetically through a s l o t from a CPW feed. The two techniques d i f f e r from each other i n the CPW feed s t r u c t u r e and s l o t designs. The f i r s t technique uses a grounded CPW w i t h notches on both sides o f the s l o t l i n e s and a narrow rectangular s l o t , while the second technique us$' a CPW w i t h a series gap i n the center s t r i p conductor and a dumbbell' s l o t . The l a t t e r permits i n s e r t i o n o f s o l i d s t a t e devices i n the series gap o f the CPW and thus, i s s u i t a b l e f o r use i n a c t i v e antenna o r quasi-optical combiner/mixer designs. To optimize the coupling e f f i c i e n c y , three d i f f e r e n t slot/gap designs have been tested.
DESIGN DESCRIPTION
Figure 1 (a) shows the slot-coupled patch antenna excited by a CPW w i t h notches on both sides o f the s l o t l i n e s . The patch and the CPW feed s t r u c t u r e are fabricated on separate substrates w i t h the rectangular s l o t located i n the common ground plane d i r e c t l y above the notches. The s l o t width and length are i n i t i a l l y chosen t o be 0.254 mm and X ,i e /2 respectively, where X i s the wavelength o f an un!porm s ?~\ l i n e [2] . The s l o t l e n h h i s then 0-7803-0730.5192 53 000 1992 IEEE s l i g h t l y reduced t o account f o r the s l o t end e f f e c t s . The notch has a width o f 0.762 mn and an end-to-end distance approximately equal t o the s l o t length. To ensure good coupling and odd mode operation, the CPW i s terminated i n a short c i r c u i t a t a distance o f approximately X /2 from the center o f the notch, and a p a i r o f bond wires i s i & % e d on both sides o f the notches. Figure 1 (b) shows the slot-coupled patch antenna excited by a CPW w i t h a series gap i n the center s t r i p conductor. The i n s e t i n Figure 3 shows the three d i f f e r e n t slot/gap designs tested. In the f i r s t design, the dimensions o f the series gap and the rectangular s l o t are (L , S ) and (L , W2) respectively. In the second design, the width o f the s e r i e t g a p i s enlarged from S t o S by f l a r i n g the center s t r i p conductor o f the CPW near the gap {ocation. In the t h i r d design, the rectangular s l o t i s replaced by a 'dumbbell' s l o t o f i d e n t i c a l length and width. The design parameters are given i n the f i g u r e caption. Figure 2 . A t the best impedance match frequency o f 14 GHz, the r e t u r n loss i s greater than 20 dB and the 2 : l VSWR bandwidth i s 4.2 %. Figure 3 shows the measured r e t u r n losses f o r the three d i f f e r e n t feed configurations. As indicated, the r e t u r n losses are improved from -8.2 dB f o r (a) t o -13.2 dB f o r (b) t o -16.9 dB f o r (c). Results i n d i c a t e t h a t the coupling e f f i c i e n c y was improved by more than 3 dB each by using an enlarged series gap o r a 'dumbbell' s l o t . However, the geometrical change i n the series gap and s l o t o f the feed struct u r e produced a s l i g h t change i n the resonance frequency. Measured radiation patterns for the CPW fed patch antennas with (-) notch/slot and (---) gap/slot coupling: (a) H-plane and (b) E-plane.
RESULTS AND DISCUSSIONS
Measured input impedance on Smith chart f o r the patch antenna w i t h CPW/notch feed s t r u c t u r e i s shown i n
